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SUMMARY

Epoxy Resin ERL-422]1 was evaluated for potential mutagenic activity with a
battery of three in vitro tests, which were: the Chinese Hamster Ovary (CEHO)
Mutation test, the Sister Chromatid Exchange (SCE) test and an assay for induc-~
tion of Unscheduled DNA Synthesis (UDS) in rat liver cells. The results
indicated that Epoxy Resin ERL-4221 did not produce a strong mutagenic effect
typical of known chemical mutagens but it appeared to possess significant
mutagenic potential in the sister chromatid exchange test and questionable-
to-weak activity in the UDS test. The lack of a definitive response in at least
two of the three tests prevented an unequivocal classification of Epoxy Resin
ERL-4221 as mutagenic or non-mutagenic. Bowever, the strongly positive and
dose-related increase in the SCE frequency in cells treated with Epoxy Resin
ERL-4221 suggests that additional testing may be appropriate to imvestigate the
possible biological significance of these results.

RESULTS AND INTERPRETATION

Epoxy Resin ERL-422]1 was selected for mutagenesis testing in part to develop
and validate the sensitivity of our in-house battery of mutagenicity tests.
Epoxy Resin ERL~422] was found to be inactive in a previous lifetime dermal
carcinogenesis study with mice performed at our laboratory (CHF Report #27-6,
January, 1964) and it was used for testing the ability of our 3-test battery to
discriminate betwsen chemicals found to be either active or ipactive in animal
studies.

Belection of Test Concentrations ~ Preliminary experiments were performed to
aelect an appropriste range of concentrations in which the maximum dose level
would allow survival of approximately 10X of the treated cells. A maximum
concentration of 0.012 (by volume) was chosen as the top dose level for tests
both with and without an 89 metabolic activation system. In a second repeat
test, necessitated by technical problems in the first test, the maximum dose
level tested with 89 sctivation was increased to 0.02X.
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CHO Mutation Test - Epoxy Resin ERL-4221 was not active in stimulating a
dose-related increase of mutant cells when tested either with or without the
presence of an 59 metabolic activation system. MNeither of two axperiments
provided any indication of a statistically significant mutagenic effect of the
test agent. Epoxy Resin ERL~422]1 was considered inactive as an agent for
inducing mutation of CHO cells in culture.

SCE Test - Epoxy Resin ERL-4221 wvas highly active in significantly

stimulating the induction of SCE in vitro at three of six of the concentrations

t sted. The indication of a dose-related incresse in the number of SCE {n tests
Hithout 59 metabolic activation provided a convincing fudication that Epoxy
Resin ERL-4221 was active in stimulating SCE in CHO cells. Tests of SCE
production with the addition of s metabolic activation system were not performed
because the test without addition of liver homogenate indicated that metabolic
conversion was not required for activity of the test cheamical.

UDS Test - Epoxy Resin ERL~4221 did not produce dose-related increases in
the smount of UDS detected with either nuclei or DNA. However, in evaluations
over a relatively wvide range of concentrations, the lovest three concentrations
of Epoxy Resin ERL-4221 produced highly numerically elevated levels of UDS acti-
vity. Because these values were not consistently significant in statistical
comparisons to the concurrent solvent control, the results could not be defini-
tively labelled as either positive or negative. The data were cousidered to be
suggestive of a low level of activity and Epoxy Resin ERL~4221 appeared to be
questionably~to~-weakly active in the present test with the hepatocyte test
system.

Comparative Mutagenicity = The pattern of responses produced in the 3-test
battery of mutagenicity tests indicated that Epoxy Resin ERL-422]1 was not a
potent mutagenic agent but that it appeared to possess a low level of activity
in the UDS and significant activity in the SCE test. The lack of definitively
positive respouses in at least two tests of the 3~test battery prevented an
unequivocal classification of Epoxy Resin ERL-4221 as either mutagenic or
non-mutagenic. BHowever, significantly positive results related to the treatment
dose observed in the SCE test should be considered as an indication of
unconfirmed but potential bioclogical activity. Additional testing of this
chemical using other test systems may be warranted to determine the biological
significance of the results of thase in vitro studies. In the previous dermal
carcinogenesis test of this chemical (CEF Report #27-6), 1 tumor in 15 mice in
the effective group was observed but this result was not significantly shove the
tumor incidence in the control group of animals.
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SAMPLE ;
Quantity: 8 ounces CHF Sample No.: 42-136
Submitted by: W. C. Kuryla, for UCC Date Received: March 15, 1979
Toxicology Advisory Group ’
Division: Speclalty Chemicals and Identification: 1light yellow,
Plastics viscous liquid

CAS #: 2386~87-0




1806

~ . Report 43-105
Page 4

BAKELITE® Cycloaliphatic Epoxy Resin ERL-4221

In Vitro Mutagenesis Studies: 3-Test Battery

Sponsor: Union Carbide Corporation
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OBJECTIVE

The purpose of this study was to evaluate the potential of Epoxy Resin
ERL-4221 to induce genetic damage in mammalian cells at the gene, chromosome
and/or DNA (deoxyribonucleic acid) level of molecular organization. A battery

f three in vitro, short-term tests which detect each of these genetic endpoints
vas employed to evaluate Epoxy Resin ERL-4221 for potential mutagenic activity.
A general description of the theoretical bases of these three tests is presented
in Appendices I, II and III (attached to the complete report).

SAMPLE CHARACTERISTICS

A typical, commercial sample of Epoxy Resin ERL+4221 was received for testing
on March 15, 1979. The available information from the Toxicology Data Bank or
from "Material Safety Data Sheets” for this product is attached to this report
as Appendix IV.

METHODS

A description of the technical procedures used in the CHO test, the SCE test
and the UDS assay are presented in greater detail in Appendices I, II and III,
respectively (attached to the complete report). Tasting was performed as part
of the in-house development and validation of the mutagenicity test battery. 4
copy of the current procedures used for these tests at the Bushy Run Research
Center are attached to this report and deviations from there procedures are
noted in the individual test results.

1. CHO Test (Detailed proceduras in Appendix I):

A. Dose Selection = Appropriate concentrations of Epoxy Reain ERL-4221 for
testing were determined by nmeasurements of cytotoxicity to CRO cells of six
concentrations tested both in the presence and absence of a liver $9
metabolic activation system. Selection of a maximum concentration for
testing depended upon an estimate of the dose level which should permit
survival of at least 10X of the treated cells. Glass-distilled
dimethylsulfoxide (DMSO) was used as the solvent and solvent control;
sterile vater (H20) was used as the negative control.

To simplify tables and to sllow comparisons between different tests,
concentrations of Epoxy Resin ERL-4221 in the following sections of the
report are given in terms of volume percentages x 1074 ¢o elininate zeros
in the lower concentration values (eg. 0.0003125Z7 = 3,125 x 1042).
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B. Mutation - In experiment #1, CHO calls were exposed !or 16 hours to five
concentrations of Epoxy Resin ERL-4221 from 100 x 10~%% to 6.25 = 1042
(by volume) without the addition of an $£9 metabolic activation system and
for 5 hours to an identical range of concentrations with S9 activation. A
second, repeat experiment was pesrformed at identical concentrations in the
test without S9 but concentrations from 200 x 10™%3 to 12.5 x 10~4%
wvere tested with S9 activation. Dilutions of Epoxy Resin ERL-4221 were
prepared by either direct addition of the test agent into the cell culture
aedis or by making sequential one~half dilutions from the stock solution for
the highest concentration using glass-distilled DMSO. The surviving
fraction wvas determined at 20 to 24 hours after treatment and the mutant
fraction vas deternined after a 7-to 9-day period to allow "expression” of
the nutant phenotype. Only the top five concentrations which allowed
sufficient cell survival were assessed for survival and induction of
mutants. The percentage of cells surviving th- treataent, the frequancies
of mutant colonies and the nuaber of mutants/106 viable cclll are
presented in tabular form.

2. SCE Test (Detailed procedures in Appendix II): ,

‘Production of SCE's following exposure to various concentrations of
Epoxy Resin ERL=422] was studied in CHO cells without the incorporation
of an 89 metabolic activation system. Selection of a maximum dose level
vhich would permit survival of at least 50X of the treated cells was based
on the prescreening test for cytotoxicity performed as part of the CHO
Mutation test Dilutions of Epoxy Resin ERL-4221 for testing, ranging from
100 x 107X to 3.125 x 10™4% (by volume), were prepared either by direct
addition into the culture medium or by addition of various aliquots of a
stock solution prepared in DMSO. For determination of direct mutagenic
action, CHO cells were exposed to Epoxy Resin ERL-4221 and appropriate
controls for 5 hours without S9 activation. Indirect mutagenic action,
requiring metabolic activation by liver $9 homogenate, was not studied
because a highly significant positive response was obtained without
metabolic activation which indicated a direct-acting mechanism for this test
ag at. Bromodeoxyuridine (BrdlU) required to differentiate between the
individual “sister” chrcmatids by SCE staining, was present at a concentra-
tion of 3 g/ml in the growth medium during treatment and during the culture
period folloving exposure. A total of 15 cells/dose level and S dose
levels, with or without metabolic activation were examined. The number of
SCE/cell, mean # of SCE/chromosome and the level of statistical significance
of the increases above concurrent solvent control values are pregented in
tabular form.

3. UDS Test (Detailed procedures in Appendix III):

Induction of primary DNA damage in rat liver cells (hepatocytes),
wvay studied at a minimum of six dose levels which spanned s 1000-fold range
of concentrations. Cells were treated with Epoxy Resin ERL-4221 for 2 hours
in culture mediun containing 3g-thymidine, hydroxyurea and appropriate
dilutions of Epoxy Resin ERL~422] preparad inm IMSO. Determination of UDS
activity was performed by analyses of radioactive incorporati n into -
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isolated hepatocyte nuclei and in DNA (precipitated from aliquots of the
isolated nuclei) using a Searle Analytic Model 81 or Psckard Model 2650
scintillation spectrometer. Data are presented in tabular form with an
indication of the level of statistical significance above the concurrent
solvent control valuas.

Controls - Positive, negative and solvent controls were tested comcurrently
with the test sample to sassure the sensitivity of the test system and the
concurrence of the results to previous test performance. For the CHO and
SCE assays, dimethylnitrosamine (DMN) and ethylmethanesulfonate (EMS) were
used as positive control agents to assure the sensitivity of the test system
for detecting indirect- and direct-acting mutagens, respectively. Deionized
water sterilized by membrane filtration and glass-distilled
dimethylsulfoxide (DMSO) were used as the negative and solvent controls,
respectively.

In the UDS assay, DMN and 4-nitroquinoline oxide (4~NQO) were used as
positive controls for indirect—- or direct-acting mutagens, respectively.
DMSO was used as the solvent and the solvent control.

Metabolic Activation = §9 liver homogenate, prepared from Arochlor 1254-
induced, Sprague-Dawley male rats, was purchased from Litton Bionetics.

The S9 preparation used for the CHO test contained 38.5 mg/ml protein and
had a benzo(a)pyrene hydroxylase activity of 21.6 mmol hydroxybenzpyrene/20
min/mg protein, (assayed by lLitton). A concentration of 2400 ug of 59
protein was added to 5 ml of culture amedia.

Statistical Analyses ~ Data from the SCE and UDS tests were analyzed by
appropriate parametric tests following Standard Operating Procedures for
statistical analyses at the Bushy Run Research Center. Data from the CEO
test do not follow a normal distribution according to experience with his-
torical controls. Thua, the Student's t—test was used after suitable
transformation of the mutation frequencies (MF) following the procedure of
Irr and Snee: (MF + 1)0'15 (Irr, J. D. and R. Snee, Proceedings of the
Cold Spring Harbor—Banbury Conference, II (1979), 263-274).

Rounding of data to either two decimal places or to the appropriate number
of significant figures was performed for presentation on tablas. Although
statistically significant decreases in mutation indices can occur because of
cytotoxic responses, only statistically eignificant increases in responses
above control values are indicated on Tables for simplicity. The degree of
statistical significance 1s denoted by: a&: 0.05> p > 0.01, b: 0.01 > p>
0.001, or ez p € 0.001. No superscript (or RS) indicates p > 0.05.

Rav Data Storage -~ Copies of the final report, statistical analyses,
analytical data and data used to prepare the final report are stored in the
BRRC Archives. Slides are stored in the Genetic Toxicology slide storage
area.
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RESULTS

SECTION I -~ CHO MUTATION TEST -~ Epoxy Resin ERL-4221

A. Test Dateg - Initisted: April 26, 1979

Completed: May 16, 1980

Selection of Test Concentration (Data mot shown in tables)

In tests without 89 activation, CHO cells were exposed for sixteen
hours to six concentrations of Epoxy Resin ERL-4221 which spanned a
concentration range from 0.5% to 5 x 107%% by volume. An identical
range of concentrations was tested for five hours with 89 activation. The
percentage of cells which survived the exposure, both in the presence
and absence of an S9 metabolic activation system, was determined by counting
the number of colonies produced by the survivors after a 5- to 7-day
incubation period. In this prescreening deterainetion of cytotoxiecity, no
surviving cells produced colonies after treatment with 0.52 of Epoxy Resin
ERL=4221, the highest concentration tested. As a percentage of the control
values, 3.5 of the cells produced colonieg after treatment with 50 x
1042 of Epoxy Resin ERL-4221 in the presence of an $9 activation system;
without S9 activation, 0.8%2 of the cells treated at this same concentration
formed colonies. ‘A concentration of 100 x 10792 was selected as the maxi-
mun concentration for testing with and without $9 activation. 1In a second
repeat experiment, the maximum concentration tested with 59 activation was
increased to 200 x 10™4% to attain a higher level of cytotoxicity.

Determination of Mutation Induction

Survival (Cytotoxicity)

Table 1 presents the cytotoxicity data for CHO cells treated with
Epoxy Resin ERL-422]1 in the absence of a liver S9 metabolic activation
systean. A steep dose-response effect with the test agent was suggested from
the high degree of cytotoxicity observed for the top concentrations (100 x
10-432) 1n comparison to the markedly lower cytotoxicity obtained at only
one~half the top dose—~level (Table 1). The cells treated with the test
agent together with s §9 activation system were not assessed for smutant in-
duction because the CO2 concentration in the incubator used for these
plates wvas abnormally high (due to & malfunction) and this malfumction
inhibited or killed the cells. The survival results of the second, repeat
experinment are shown on Table 3. These data indicated a siailar cytotoxic
response at the highest dose level testad without §9 activation
in comparison to the value obtained in experiment #1 (Table 1). Also,
the slope of the dose~responss relationship for the cytotoxicity data in
this second experiment suggested a more usual Tesponse without the stesp
drop observed at the highest two doses in experiment f#1.

obste
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Mutation

Table 2 presents the data for induction of mutants by Epoxy Resio ERL~-
4221 and control agents. Epoxy Resin ERL-422] did not produce a dose-
related increase in the frequency of wutants/106 visble cells over the
16-fold range of concentrations tested for potential mutagenic action
without the presence of an $9 metabolic activation system. Although no
concentration of Epoxy Resin ERL-422]1 produced a statistically significant
increase in the mutation frequency in the test without S9 activation, the
test was repeated because the EMS positive control was also not signifi-
cantly above the solvent control values. In experiment #2, summarized on
Table 4, data were consistent with the negative responses observed in
experiment #1 (Table 2). No dose~level of Epoxy Resin ERL-4221 produced an
increase which vas statistically significant from the solvent control, and
there was no indication of a dose-related production of mutants. This
second experiment was consistent with the classification of Epoxy Resin
ERL-422]1 as not active in producing a mutagenic effect detectable in the CHO
test system.

Mutation frequencies for the solvent controls for tests in both
experiment #1 and #2 without S9 activation were in an scceptable and low
range based upon experience with historical control values. The mutation
frequency for the solvent control in experiment #2 vith 89 activation was
numerically higher than our historical control values but similar small
increases in the frequency of mutants have been seen in previous experiments
in which the $9 liver homogenate itself displays a weak mutagenic activity.
Small oumerical increases at some treatment levels of Epoxy Resin
ERL=422]1 were within the range of historical variability encountered for
negative and solvent controls using this test.

Bighly statistically significant mutation frequencies were obtained
for the DMN and EMS positive controls in experiment #2 and these values were
within the normally expected range of variation observed im historical
control data.

Deviations from Standard Procedures — Testing of Epoxy Resin ERL—4221 was

performed as part of the developuent and validation phase for the

in-house battery of mutagenicity assays. There are numerous deviations from
our current SOP in the present test on this chemical but none of these de-
viations are believed to decrease the sensitivity of the test. The major
deviation involved the use of & lé~hour exposure period in the test without
§9 rather than 5 hours as stated in Appendix I. A l6-hour exposure period
would normally be expected to improve rather than to decrease the sensiti-
vity of the assay; exposure periods between 2 to 24 hours are ecc:gteble if
suitable toxic to non-toxic dose ranges are tested. The 100 x 10
dose~level was allowed gn expression period of 9 days (rather than 7 days as
used wvith all other dose-levels) because this top concentration produced an
extended depression of cell growth and a longer period is thought to be more
reliable at such high cytotoxic doses.

ofSet?




A.

c.

—

L1811

Report 43-105
Page 9

Conclusions

Fpoxy Resin ERL-6221 was consistently inactive as a mutagenic agent for
CHO calls vhen tested with or without an §9 metabolic activation system over
8 l6-fold range of concentrations. Although small increases in the numeri-
cal frequency of mutants were obtained at sous test concentrations of
Epoxy Resin ERL-4221, thesa results appeared to be & random effect without
statistical or probable biological significance.

SECTION II - SCE TEST ~ Epoxy Resin ERL-4221

Test Dates — Initiated: December 10, 1979

Completed: March 24, 1980

Selection of Test Concentrations

A paximun concentration of 100 x 10~%Z was chosen as the top dose
levels for testing without $9 asctivation based on cytotoxicity data from the
CHO mutation test. Higher concentrations were expected to produce delays
in the mitotic cycle and to decrease the number of cells with SCE staining,
based on experience in other studies. A 32-fold range of concentrations
from 100 x 10-%% to 3.125 x 10~%% (by volume) was exsmined without §9
activation. Because we observed a highly statistically significant and
dose-related indication of a direct mutagenic effect of the test agent in
this experiment without §9, tests with an S9 activation system were not
performed .

Determinations of SCE Production

The data for SCE production in CHO cells treated with various dose
levels of Epoxy Resin ERL-422]1 and with appropriate positive, negative or
solvent control agents are sumnarized in Table 5. Epoxy Resin ERL-4221 pro~-
duced statistically significant increases in the SCE frequency at three of
the six dose-levels tested for direct action in the absence of s metabolic
activation system. Also, the increase in the numbers of SCE was dose-
dependent. The test without §9 activation was considered an indication of
a significant direct mutagenic action of Epoxy Resin FRL-4221.

Induction of SCE by the coancurrent EMS positive control was highly
statistically significant from the concurrent solvent control and these data
indicated an appropriate sensitivity of the test system comparable to our
historical positive control data. The numbers of SCE obtained with the
H70 solvent and IMSO controls were also in an acceptable range of values
included in the variability encountered in our historical experience with
this test.

Testing of Epoxy Resin ERL~4221 with $9 metabolic activation was not

performed because the highly positive results obtained without S9 indicated
that metabolic activation was not required to express mutagenic activity. N

0 .’?5%8
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Deviations from Standard Procedures

The experiment was repeated three times but only the final, successful
study was reported. In the first two experiments cytotoxicity of the test
agent reduced the number of mitotic cells and the chromosome preparations
wers not suitable for scoring.

Concluaions

Epoxy Resin ERL-4221 produced highly significant increases in the
frequency of SCE vhen tested over a 32-fold range of concentrations in
tests without addition of an S9 metabolic activation system. Evidence of a
dose-related effect on the SCE frequency following exposure to Epoxy Resin
ERL=4221 indicated that the test agent should be considered significantly
active in the present in vitro assay.

SECTION III - UDS TEST = Epoxy Resin ERL-4221

Test Dates — Initiated: Auguse 31, 1979

Completed: March 11, 1980

Selection of Test Concentrations

Standard procedures were followed and Epoxy Resin ERL-4221 was tested
over a 3-log range of concentrations from 1000 x 10™%% to 1.0 x 10742 by
volume. The dose-levels were gelected to span a range of cytotoxic to
noo-cytotoxic concentrations based upon data obtained in the CHO
cytotoxicity test.

Determination of UDS Induction

Nuclear—-Bound Radioactive Label (Data in Table 6)

Valuss for "unschaduled” incorporation of radioactive thymidine into
nuclei of hepatocytes exposed to Epoxy Besin ERL-4221 or to sppropriate
positive and negative controls are presented in Table 6. In hepatocytes
trested with Epoxy Resin ERL-4221, only one concentration tested for
potential activity induced a statistically significant increase in the
amounts of JH~thymidine incorporation. A gradual decrease in the amounts
of radioactive incorporation, over the eutire range of concentrations
tested, vas considered an indication of the cytotoxicity of the test agent.
The preduction of statistically significant levels of UDS at only the lowest
concentration may suggest that aven lower concentrations should be tested.
These data wers considered equivocal but suggestive of ¢ questionable-
towwesk activity for Epoxy Resin ERL-4221.

Both of the positive control agents, NQU and DMN, {nduced pumerically
¢levated increases in UDS over values obtained with the solvent control.
With DMN, however, only a single concentration produced a sufficiently high
level of activity to produce a response which was statistically significant.
These data with nucle! indicated that the test system may be less sensitive
than desirable £ r detection of weakly-active mutagenic agents which require
metabolic conversli n (eg. DMN).
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DNA-Bound Radiosctive Label (Dats in Table 7)

Analyses of DNA, from aliquots of hepatocyte nuclei used for the UDS
studies presented on Table 6, were parformed as s second assessment of
“unacheduled” incorporation of 3H-thyn1dinc. Values for radiocactivity
inoc rporated into the DNA of thess hepatocyte nuclei are presented in Table
7.

For hepatocytes treated with Epoxy Resin ERL-4221, two of the six test
concentrations induced levels of UDS which were statistically significant
from the solvent control. We Also observed a similar pattern of responses
as obtained in the assessment of nuclei from calls treated with the same
range of concentrations; three of the lowest six concentrations produced
numerical elevations in UDS similar in magnitude to values obtained with the
IMN positive control. Although there was no indication of a dose-effect
relationship due to treatments with the test agent, the UDS values wvare
sufficiently elevated to suggest a very weak level of mutagenic activity.
These several considerations were consistent in the classification of Epoxy
Resin ERL-422]1 as a questionable-to~weakly active agent in the 1nduction of
DNA damage in the present test with the hepatocyte test system.

The test employing precipitated DNA for lealurcment of incorporation of
3R-thynidine was apparently more sensitive than the assay with nuclei,
following a comparison of the level of responses produced by the politive
control agents NQO and DMN with data from DNA and nuclef. With DMN four of
#ix of the tested concentrations produced a numerical elevation in UDS which
vas also statistically significant from the solvent control (Table 7). With
NQO, only the highest concentration was statistically above the solvent
control but a dose~related response was produced which is considered to be
a d finitive blological indication of a positive mutagenic effect.

Deviations from Standard Procedures

Testing of Epoxy Resin ERL-4221 was performed during the development
and validation phase of our in-house program of mutagenicity testing. Two
pri r experiments were performed with methods different from the final
pr cedures developed and described in Appendix III. These presvioua
experinents are not reported because insufficient responses with the
positive control agents invalidated the results for an acceptable test. The
final experiment, which employed our current procedures, tested several
concentrations of DMN (rather than three as stated in the SOP) because we
vished to monitor the appropriate response of the cellular gctivation system
for metabolizing such indirect-~acting chemicals.

Cénclunion

Epoxy Resin ERL-4221 appearad to produce a very weak response in
the present test with cells treatad over a 1000-fold range of test concen-
trations. Epoxy Resin ERL-4221 was considared questionable-to-weakly active
io producing DNA damage in the tests with hepatocytes.
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that Epoxy Resin ERL-4221 did not produce a statistically significant increase

in skin tumors (CHP Project Report #27-6; CHF Sample #24-172).




Table 1

Chinese Hamster Ovary (CHO) Mutation Assay:
Detersination of Toxic Effects of Chemical Treatment During 16 Hr Mutation Induction Period
Experiment #1

Total ¥ ! Total # 4 T of Solvent
Test Chemicals Colonies Cells Plated Survival Control

Without 89 Activation

[Epoxy Resin RRL-3221] (X, ¥/v)

100.0 x 10-4 42 800 5.2 8.4
50.0 x 1074 255 800 31.9 50.8
25.0 x 10~%" 519 800 52.4 83.5
12.5 x 1074 565 800 70.6 112.5

6.25 x 104 354 800 44,2 70.5
Coatrols i
DMSG (20 ul/ml) - Solvent 502 800 62.8 -
H90 (20 ul/ml) - 512 800 64.0 102.0
EMS (200 ug/ml) - 578 800 72.2 115.1

Abbreviations: H20 - water; 89 - liver homogenate; DMSO - dimethylsulfoxide
EMS -~ ethylmethanesulfonate; DMN - dimethylnitrosamine

WpPC/1103-3
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Table 2

Chinese Hamster Ovary (CHO) Mutation Aseay:
Results on Evaluatfon of Mutant Induction by Epoxy Resin FRL-4221

Experiment £l

a

Plating Efficiency

Mutation Induction

Test Chemicals Totel #
Colonies

Total # Viable
Cells Plated Fraction

Total #
Mutant
Colonies

-

Total # Wutantel
Cells Plated 10% Viabie Cells

Without S9 Activation

{Epoxy Reain ERL-4221] (2%, v/v)

100.0 x 1074 49

50.0 x 104 82

25.0 x 10~ 144

12.5 x 1074 144

6.25 x 104 152
Controles:

DMSO (20 ul/el) - Solvent 270

H20 (20 ul/ml) - 203

Medium 255

BMS (200 ug/al) - 180

300 0.163
Joo 0.273
300 0.480
300 0.480
oo 0.507
300 0.900
300 0.677
300 0.850
300 0.600

QNO=Q

N O e

106
106
106
106
106

- -
Mo oMM oM
QIO WO

106 1
106 1
106 0
106 36.

-t -
L

l7otal # mutant colonies per 106 cells plated divided by viable fraction.
Statistical significance sbove soclvent control:
No superscript indicates p > 0.05. Data analyzed by Student's t-test.

wrc/1103-3

Abbreviations: Hy0 ~ water; $-9 - liver homogenate; DMSO - dimethylsulfoxide; EMS ~ ethylmethanesul fonate;
DMN ~ dimethylnitrosamine.
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Table 3

Chinese Hamater Ovary (CHO) Mutation Assay:
Determination of Toxic Effects of Chemical .Treataent
Experiment #2
Total # Total # ) 4 X of Solvent
Test Chemicals Colonies Cells Plated Survival Control
ST Without S9 Activation
[Epoxy Resin ERL-4221] (X, v/v)

100.0 x 1074 7 400 1.8 3.0
50.0 x 10~¢ 60 800 7.5 12.8
25.0 x 10~% 123 800 15.4 26.2
12.5 x 1074 208 800 26.0 44.3

6.25 x 1074 . 266 800 33.2 56.7
i
Controls :
THEO (20 ul/ml) - Solvent 469 800 58.6
H20 (20 ul/ml) - 399 800 49.9
EMS (200 ug/ml) - 43 600 7.2
With S9 Activation
[Epoxy Resin ERL-4221] (X, v/v)

200.0 x 10-4 351 800 43.9

100.0 x 1074 381 800 47.6
50.0 x 10~4 326 800 40.8
25.0 x 10~% 519 300 52.4
12.5 x 1074 337 800 42.1

Controls

DHSO (20 ul/ml) - Solvent 207 800 25.9
B0 (20 ul/ml) - 297 800 37.1
DMN (3700 ug/ml) - 103 800 12.9
DMN (740 ug/al) ~ 231 800 28.9

Abbreviations: Hy0 - water; S9 - liver homogenate; DMSO - dimethylsulfoxide

EMS - ethylmethanesulfonate; DMN -~ dimethylnitrosamine
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Results on Evaluation of

Chinese Hamster Ovar}‘(')) Mutation Assay!?
Hutant Induction by Epoxy Resin ERL-4221
Experiment #2

Plating Efficiency Mutation Induction
) Total # 1
Test Chemicals Total # Total # Viable Mutant Total # Mutants
Colonies Cells Plated Fraction Colonies Cells Plated 109 Viable Cells
_ ~ Without §9 Activation
[Epoxy Reesin ERL-4221) (X, v/v) .
100.0 x 1074 400 0.19%0 0 0.74 x 106 0
50.0 x 10-% 87 400 0.218 3 1 x 106 13.8
25.0 x 1074 137 400 0.342 0 1 x 106 o
12.5 x 1074 172 400 0.430 2 1 x 106 4.7
6.25 x 10~4 186 400 0.465 3 1 x 106 6.5
Controls:
TMSO (20 ul/ml) - Solvent 211 400 0.528 3 1 x 106 5.7
#20 (20 ul/ml) - 246 400 0.615 2 1 x 106 3.3
EMS (200 ug/ml) - 180 400 0.450 124 1 x 10 275.6¢
With S9 Activation
{Epoxy Resin ERL-4221] (X, v/v)
200.0 x 10~% 312 400 0.780 2 1 x 106 2.6
100.0 x 109 333 400 0.832 15 1 x 106 18.0
50.0 x 10-4 n3 400 0.782 15 1 x 106 19.2
25.0 x 10~%4 289 400 0.722 3 1 x 106 4.2
12.5 x 1074 353 400 0.882 14 1 x 106 15.9
Controls:
DHSO (20 ul/ml) - Solvent 362 400 0.905 18 1 x 106 19.9
H20 (20 ul/ml) - 386 400 0.965 5 1 x 106 5.2
DMN (3700 ug/wl) - 198 400 0.495 63 1 x 106 127.3¢ -
DMR (740 ug/ml) - 263 400 0.658 30 ! x 106 45.69 ‘SB
:3
Lrotal # mutant colonies per 106 cells plated divided by viable fraction. s
Statistical esignificance sbove solvent control: a: 0.05 > p > 0.01; ¢: p € 0.001. .""
No superscript indicates p > 0.05. .
Abbreviationa: H20 - water; S-9 - liver homogenate; DMSO - dimethylsulfoxide; EMS ~ ethylmethanesulfonate; :.‘,

DMN -~ dimethylnitrosamine.
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Table 5

Sister Chromatid Exchange (SCE) Assay:
Induction-of SCE'es by Epoxy Resin (ERL-4221) Without S9 Metabolic Activation
5 Hour Treatmeat

Total # Total # Mean Number Significance
of of SCE/Chromo— Above Solvent
Teast Chemicals Chromosones SCE SCE/Celll some? + S§.D. Control3
[Epoxy Resin (ERL-4221)] (X, v/v¥)
100.0 x 1074 280 174 11.60 0.626 + 0.212 ns
50.0 x 10~4 307 572 38.13 1.869 + 0.301 c
25.0 x 1074 301 415 27.67 1.379 ¥ 0.184 c
12.5 x 104 303 316 21.07 1.041 ¥ 0.316 c
6.25 x 1074 297 220 14.67 0.743 ¥ 0.233 NS
3.125 x 1074 299 233 15.53 0.779 + 0.238 NS
Controls
DMSO (S ul/ml) - Solvent 29 182 12.13 0.628 + 0.214
B20 (5 ul/ml) - 294 200 13.33 0.680 + 0.169 NS
EMS {100 ug/ml) - 298 423 28.20 1.417 + 0.242 c
1P1fteen cells examined per dose level.
2Mean value of SCE/chromosome determined from the values of the individual cells examined.
Istatistical aignificance above solvent control: c: p < 0.001
NS: p > 0.05. Data analyzed by Student's t-test.
Abbreviations: H)0 - water; 59 - liver homogenate; DMSO ~ dimethylsulfoxide; T
EMS - ethylaethanesulfonate; S.D. — standard deviation
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Nuclear-bound label:

hepatocytes.

was done in quadruplicate.

Table &
Unscheduled DNA Synthesis in Hepatocytes from Rat Liver

all DPM valuea are calculated from nuclei per 106 viable
Each average is calculated from duplicate samples, except for DMSO which

Radiocactivity I of Solvent Significance
in Nuclel Control Above Solvent
Test Chemical Concentration Avg. DPM + S.D. + s.D. Contr 11
Solvent - DMSO 3.00 6995 + 909 100.0% + 13.0% -
Positive Controls:
4 - NQO 3.0 ug/ml 16791 + 1307 240.1 + 18.72 c
1.0 ug/ml 10913 ¥ 4668 156.0% ¥ 66.7X a
ug/ml 9623 + 456 137.62 + 6.5 NS
DMN 1000  ug/ml 9286 + 748 132.82 + 10.72 ]
300 ug/al 8234 ¥ 877 117.7% ¥ 12.52 NS
100 ug/ml 12230 + 927 174.8% + 13.32 b
30  ug/ml 10570 ¥ 2484 151.1% ¥ 35.52 NS
10 ug/ml 9390 + 3683 134,32 + 52.7X NS
1  ug/ml 10679 + 474 152.7 + 6.8 NS
Test Chemical:
[Epoxy Resin ERL-4221) (X, v/v) 1000 x 10~%% 578 + 207 8.3T + 3.0% NS
300 x 10~%x 6636 + 292 94.9% + 4.2% NS
100 x 10742 9458 ¥ 334 135.2X ¥ 4.8% NS
30 x 10742 10322 ¥ 2777 147.6X * 39.71 NS
10 x 1074% 10547 ¥ 478 150.82 ¥ 6.8% NS
1.0 x 10742 11600 + 1399 165.8% + 20.0% a
1Stacistical significance above solvent control: 0.05 > p > 0.01; b: 0.01 > p > 0.001; c: p < 0.001;

p > 0.05. Data analyzed by Duncan's Multiple Range Analysis.

WPC/1103-3

085518

Abbreviations: DMSO - dimethylsuifoxide;

4-NQO - Q-n:ltroquinoline oxide; DMN - di-ethylnitrounine'
DPM ~ diaintegrations per minute; S.D. - standard deviation

61 o8wz

CNT=re J3oday




-

Table 7

Unscheduled DRA Synthesis in llepatocytes from Rat Liver 5
DNA-bound label: all DPM values are calculated from DHA precipitated per 106 viable 'l\\))
hepatocytes. Each average is calculated from duplicate samples, except for DMSO which
was done in quadruplicate.
Radioactivity X of Solvent Significance
in DNA Control Above Solvent
Test Chemicsl Concentration Avg. DPM + S.D. + S.D. Controll
‘Solvent - DMSO 307 8537 + 3379 16&6{1 39.6Y -
Positive Controls:
4 - NQO 3.0 ug/al 16720 + 940 195.0% + 11.0X - b
1.0 ug/ml 12011 + 3654 140.7X + 42.8% NS
0.3 ug/ml 10219 + 757 119.7 + 8.9% NS
DMN 1000 ug/ml 9818 + 786 115.0 + 9.2 NS
300 ug/ml 14608 + 1669 171.1X + 19.52 a
100 wug/mlt 13195 + 681 154.6% + 8.01 a
30 ug/ml 13322 + 4554 156.02 + 53.3X a
10 ug/ml 12198 + 3117 142.9% + 36.52 NS
1 ug/ml 16243 + 1690 190.32 + 19.8% b
Test Chemical:
- [Epoxy Resin ERL-4221] (X, v/v) 1000 x 10792 495 + 289 5.8 + 3.4
300 x 10742 7864 ¥ 307 92.13 ¥ 3.6% NS
100 x 107%x 10882 + 1198 127.5% + 14.0X NS
10 x 10742 14760 ¥ 1453 172.9% ¥ 17.02 a
10 x 10742 12172 ¥ 242 142.61 + 2.8% NS
1.0 x 10742 14629 ¥ 993 171.42 ¥ 11.6X a
1gtatietical significance above solvent control: a: 0.05 > p > 0.01; b: 0.01 > p > 0.001;
NS: p > 0.05. Data analyzed by Duncan's Multiple Range Analysis.
o
Abbreviations: DMSO - dimethylsulfoxide; 4-NQO - 4-nitroquinoline oxide; DMN - dimethylnitrosamine; nE
DPM - disintegratfons per minute; S.D. - standard deviation ~
o
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APPENDIX 1
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Chinese Hamster Ovary (CHO) Mutation Assay

Thaoretical Basis i

Mutation is a heritable alteration in a cell in which a gane specifying the
genatic code for a specific protein is modified {n structure and/or function.
Mutations, induced by cheaical or physical agents, of the BGPRT (hypoxanthine-
quanine phosphoribosyltrausferass) gens aay be datected by the growth of
colonies of “mutant”.calls which are resistant to the purine analogs
§-thioguanine (TIG) or 8=-azaguanine. Norzal culls contain a functional BGPRY
enzyas vhich phosphorylates TC and allows its incorporation into DNA causing the
cells to die. Mutant cells with s non-functional BGPRT enzyse are unable to

- phosphorylate or iancorporate IG, thus survive and grow in its presencs.

The 'CHO mutation test is an assay which detects “forwvard autations” froa
TG-sansitivity to TG-resistance caused by a direct loss of the activity of the
EGPRT enzyms (EGPET' + HCPRT"). An assessaent of the ability of several
hundred sgents to cause gene autations in vitro indicates that the CHO autation
assay provides a reasonable estisate of the potential genatic sctivity of the
test chemical.

Methods

Cell Culture Procedures: CHO cells used in these studies were obtained froa
Abrahasa Hsie at Oak Ridge National Laboratory with the designation CHO-K1-BE4=D]
(or simply CHO for report purposes). Calls ars asintained in active growth by
subculturing 2 to 3 times/week in antibiotic~free, Haa's Modified F12 Mediuam
supplemented with 102 (v/v) besteinactivated, fetal bovine sera (F12-10), and
lacking in hypoxanthine. For treataent of cells without metaboliec activation,
712 asdiua with SO wmits/al of penicillin, 50 ug/al streptoaycin and 35X (v/v) of
dialyzed bovine serua (F12<DS) is used. Yor treatasnts incorporsting an S9
astabolic sctivation systea, identical asdium, but without sarum, is employed.
For d teraination of gutant frequsncies, Fl2-D5 mediua containing 2.0 ug/al TG
(6=thioguanine) is used ss a “selective nediua.” Call nusbers are determined
routinely with a Coulter Model ¥ electronic cell counter which is standardized
periodically with s pre~counted suspension of latex beads. Presence of

¢oplasna cell contaminants is determined by a ailcroscopic fluorsscence assay
ezploying Hoechst 33258 dyn. All culture procsdures and treataents with test
cheaicals are performad under aseptic conditions io & laminar-flow, biohazard
hood .

. Positive and Regative Controls: Sterile water or glass~distilled dimethyl=-
sulfoxide (DMSO) are tha usual solvents for test chaaicals and the raspective
solvent is testad as a control at the saxiaus concentration usad to add the test
agent. Dimethylnitrosanine (DMN) or ethylasthanesulfonate (EMS) are used as
positive control autagens for tasts with or without an S9 metabolic activation
system, respectively. Mutation frequancies obtained with concurrent positive
and oegative controls ara used as the basis for sounitoring the sensitivity and
‘ stability £ the CHO autation test systsa. Coaparison of concurrzent control
values with historical conrrols is used to dalinests tha range £ acceptahle
variations iz the test systea. e
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Metabolic Activation: Rat liver, §9 homogenate prepared from Arochlor=-1254
induced, Sprague-Dawley, male rats is purchased froa Litton Bionatics,
Kensington, MD. Each lot of liver homogenate is prescreened for metabolic
capability to activate DMN in our laboratory bafore use {n the testing program.
The complete S9 metabolic activation systea contains the following: 8 umoles/ml
MgCly, 33 umoles/ml KCl, § umcles/al glucose-6-phosphate, 4 umoles/ml H
NADP-oxidized (nicotinamide adenine dinucleotide phosphate), 100 umoles/ml

* NagHPO4, and betwaeen 500 to 4000 ug/ml of 89 protein (depending on aetabolic
activity); a volume of 1.0 ml of the complete uixture of the above reagants is
added to each 4.0 ml of culture medium.

Dose s-lkctioné Toxicity of the test chemical is determined prior to
assessment of mutagenic potential to select doses which produce a maxigua of 80
to 90 call killing. Cytotoxicity is determined by either of the following two
methods:

(1) Clonal assay = 200 to 400 CHO cells are exposed to a minimum of five dose

avels of the test agent at conceantrations from 0.17 to 3 x 10742 (by
waight or volume, as appropriate) with and without the presence of a
metabolic activation system. The nusber of cells vwhich survive the
treatment is determined by counting the oumber of colonies produced after s
7= to 8-day incubation period (37°C) in comparison with the colonias formed
by cells treated only with appropriate concentrations of solvent (generally
20 ul/ml).

(2) Growth Inhibition = 5 x 105 cells in 25 em? culture flasks are treated
for 5 hours with a minimum of five test concentratiomns both with and
without §9 metabolic activation. Following treatment the cells are rinsed,
fresh 712-D5 madium is added and the flasks are incubated for an additional
18 to 24 hours. Cytotoxicity is datermined by coaparing the relative
pusber of calls {n control (umtreated calls) and in cealls treated with
various concantrations of the test agent.

If no cytotoxicity is evident at the highest concentrations in the
eytotoxicity tests, the test is either repeated at higher concentrations, or
mutation tasting is performaed with a greater nuaber of treatmant flasks starting
at higher dose levals. If carked toxicity is evident even at the lowest dose,
the ezto:o:icicy test is repaated at a concentration range of 3x10%% to
3210™ parcent by weight or volume, as appropriate.

p . Dose levels which are moderately toxie but parmit survival of at least 10 to
20% of the cells, in comparison to the solvent control, are selected as the
peximum dose, and at least four additional ome~half dilutions are tested for
induction of mutations. If cytotoxicity data are equivocal, a total of $ to 8
ons~half dilutions of the salected, maximum conceatration are used to treat
¢cells; but only the highest five concentrations vhich permit survival of a
sufficient number of cells are assessed for mutation induction.

085621
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Chenical samples are sterilized by meabrane filtration when microbiological
tests indicate this 1s vrequired to assure sterility. Liquid test agents are
tested on a percentage by volume basis. Solid chemicals are digsolved in an
appropriate solvent by making a 10 to 20T stock solution (by weight) and
subsequent dilutions are made from this stock on & volume/volume basis.

Treatment with Test Chemicals: PFor tests of chamicals vhich may act
directly without incorporation of an $9 matabolic activation nyo:;n $x103
cells are inoculated 20 to 24 hours prior to treatment into 25 cmé cultute
flasks containing F12-D5 mediua sand incubated at 37°C 1a & 5§ to 6% €Oy
atmosphere. Appropriate concentrations the test agent or control chemicals
are added to the cells and cultures are trested for 5 hr at 37°C. The mediua
and test agents are ramoved by suction, ¢ells are rinsed once or twice and fresh
?12-D5 medium is added. The calls are allowed a period of 20 to 24 hours of
racovary from treatment before survival 1s determined. Treatment of cells for
testing of chemicals which require metabolic activation for mutagenic capacity
is performed identically with the procedure sbove, with the exception that F12
medium without serum and containing 1.0 ml of $9 activation mixture per 4.0 ml

f sedium is enployed.

Daterzination of Cytotoxicity: The relative survival of treated cells, in
comparison to solvent controls, is determined one day after the axposure to the
. test agents. The level of cytotoxicity is often corralated with the mutation
frequencies induced by known chemical mutagens. Thus, excessive cytotoxieity
may kill both normal cells and mutants and may depress the actual mutation fre-
quencies; insufficient cytotoxicity may indicate an insufficient concentration
f the test agent was employed. The colony-forming potential of 100 to 200
treated calls is used as the mesasure of treatment-induced cytotoxieity.

Survival valuss which indicate the cytotoxic effects of the test agents ars
included in reports ino tabular form. Statistical analyses are not performed on
these data, since they are only useful to assess vhather appropriate doses ware
anployed and are aot usad to calculate autation frequancies.

Determination of Mutant Induction: Oa days 1, 3 and 6 (or alternatively 1,
4 and §) after treatment vith the various test agents, approximately $x109
" ealls are subcultured in 100 aom tissuse culture dishes in F12-D5 medium and
incubated at 37°C in a 3 to 6% CO2 atmosphere. After a total of 7 days to
allow "expression” of the mautant phenotype, calls are diosociatld with 0.05 to
0.075% trypsin, counted and plated at a concentration of 2.5x 105/dish 1n four
culture dishes (1lx 109 total cells) which esch contain 5 ml of P12-DS (TG)
‘selectiva medium. At this time, calls are diluced and 100 cells/dish are added
to four culture plates containing Fl2-D5 madium (without TG) to assess viabilicy
(plating efficiency) of the treaated call population and to determine the
surviving fraction. All cultures are then incubated for an additional 6 to 8
days to allow growth of cells; sedium is then discarded and colonies are fixed
and stained for counting. The mumbar of colonies in selection plates and in the
viability test are counted by alectronic msthods, checked by manual counts and -
data are rncordcd both as total mutants, autants/105 total cells and
sutants/106 viable cells.
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Sctatistical Analyses: Uniform statistical proceduras to evaluate in vitro
sutation data have not been developed. The distribution of mutation frequencies
from historical controls in at least two laboratories indicates that the fre-
quency distribution and variances encountered do not justify the use of para-
metric analyses unless data is transformed before application of standard para-
metric tasts. Analysis of mutation frequencies in the CHO test follow the pro-
cedure of Irr and Snee (Refarence 4) wvhich employs the Box-Cox Transformation
(Refarence 5) to transform data before parasstric analyses. The msutation fre-
quency for sach plate is increassd by 1.0 (to aliminate zeros) and raised to the
0.15 pover. Experience wvith historical negative control data in our laboratory
indicates that a normal probability distribution of the data suitable for para-
metric analyses is achieved by this transformation. Parametric analysis of mu-
tation data by the Student's t-tast is parformed with the transformed data. The
dagree of statistical significance for the mutation values are indicative of a
difference from the coucurrent solvent control, but these statistical indicators
aust be viewed conservatively until addi{tional historical control data are
availablae.

Intarpretation of Data: The criteria for interpretation of the test results
as & positive or negative respouse depend upon both the level of statistical
significance from the concurrent control and the evidence of a dose-responses

. following treatment. When a definite dose-response relationship is not evident

but one or more marginally significant valuas are obtained, a careful examina-
tion of the data from the concurrent positive and negative controls anod compari-
sons to historical control data are used to evaluate the possible significance
of tha responsas. Historical control data indicate that a spontaneous mutation
frequency in CEO cells of approximately & to 5 mutants/106 viable cells, with

a tange of 0 to 25 mutants/106 viable cells, can be obtained in the absence of
mutagenic treatment. Statistical comparisons against unusually high or low
spontaneous controls are subjectively scrutinized in respect to the above
variabilicy.
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APPENDIX 11

Determination of Sister Chromatid Exchange (SCE) Frequencies
in Chinese Haaster Ovary (CHO) Calls In Vitro

Theoretical Basis

Exchanges of genetic asterial between the individusl arms of a chroaosome
(i{.a. sister chrozatids) are thought to arise froa brsakage and physical inter-
changes in the DNA of & call during cell division. An increass in the frequency
of such interchanges batween sister chroaatids can be observed in calls treated
vith physical or chemical mutagenic egents, or in cells exposed to aany suspect
or proven husan carcinogens. Thus, analysis of SCI frequancies in cells treated
with & test agent has bean suggested as a sensitive screening test for potentiasl
autagenic/careinogenic cheaicals.

The aethod used in our study to visualize SCE's in CHO cells grown in cul~
. ture is based on the procedure described by Perry and Wolff (1974). A standard
concentration of 3.0 ug/al of bromodeoxyuridice (BrdU) was used in the growth
sedium to allow & visualization of SCE's after two cell divisions in the pre-
sence of BrdU. Staining of chroacsomes with 5.0 ug/al of 33258-Hoechst fluore-=
scent dys, exposure to light and Giemsa staining was used to differentiate

chromsatids for SCE analysis.

Mathods

Cell Culture Procedures: Chinese haaster ovary (CHO) cells were obtained
from Abraham Bsie at Osk Ridge National Laboratory with the designation CHO-X1-
KHA-D1 (refarred to simply as CHO for report purposes). CHO cells are msintain-
ed in active growth by 2 to 3 weekly subcultures into fresh antibiotic-free,
HEam's P)12 (modified) mediua fortified with 102 (v/v) of heat-inactivated fetal
bovine serua and lacking hypoxanthine and thymidine. Cell concentrations are
deterained routinely with a Coulter® Model-F alectronic cell counter calibrated
with a precounted suspension of latex beads. All cell culture procedures prior
to final harvesting of calls for chromcsome preparations are parformed under
aseptic conditions in a laminar flow, biohazard hood. Presence of gzcoglasua
cell contaminants is determined using a fluorescent aicroscopic assay eaploying

Hoachst 33258 dye.

For treatasnts with test chemicals without S9 aetabolic sctivation, modified
712 aediua is used with 350 wnits/al of peniecillin, 50 ug/al streptoayecin and 5%
(v/v) of heat=insctivated, dialyzed fetal bovine serum (F12-DS). Identical
mediua but without serus is usad for treatments incorporating an S9 metabolie

activation systam. .

Positive and Negative Controls: Sterile water or glass-distilled dimethyl
sulfoxide (DMSO) are the usual solvents used for test cheaicals and the
respective solvent is tested as e control at the maxisua conceatration used to
add the test agent. Disethylnitrosamine (DMN) and ethylaethanesulfonata (EMS)

. are used as positive control autagens for tests vith or without the addition of
an 89 astabolic activation systea, Tespactively. Results froa treataents with .
concurrent control agents are used as & basis { coaparisen and for &3]
demoustrating the ssnsitivity and stability of the SCE test systsa. Coaparison E%ou
of concurrent control valuss with hist rical coantrols is used to delineate the -8

range of acceptable wvariations in the test systea.
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Matabolic Activation: Rat liver 89 homogenate (prepared froa Arochlor 1254
induced, Spragua-Davley, male rats) is purchased from Litton Bionetics,
Kensington, MD. Each lot of liver hoaogenate is prescreaned fov activity im our
laboratory before use in the tasting progras. The coaplete $9 astabolic
sctivation systes contains the following: 8 umoles/al MgCljz, 33 usoles/sl
KCl, 5 usoles/al KCl, S usoles/al glucose=6-phosphate, 4 umoles/al NADP-oxidized
fora (nicotinanide adenine dinucleotide phosphate), 100 uaoles/al NasHPO4
and betveen 300 to 4000 ug/al of 39 protain (depending on metabolic activity).

A vwoluas of 1.0 al of the complets aixture of the sbove reagents is added to
each 4.0 al of culture mediua.

Doze Selection: Toxicity of the test cheamical is deterained prior to
sssessaent of mutagenic potential to select doses which produce a azximus of 80
to 90 cell killing. Cytotoxicity is detersined by either of the following two
methods as part of the CHO mutstion testing procedure:

(1) Clonal assay = 200 to 400 CHO cells are exposed to a ainisua of five dose
avels © test agent at concantratious froa 0.1% to 3 x 10™%% (by
waight or volumna, ss appropriata) with and without the presence of a
setabolic activation systaa. The numbar of cells which survive the
treataent {s deterained by counting the number of colonies produced after a
7= to 8-day incubation period (37°C) in coamparison with the colonies formed
by cells treated only with appropriate concentrations of solvent (genarally
20 ul/al).

(2) Growth Inhibition = § x 103 cells in 25 eml culture flasks are treated
for 5 hours with a ainimus of five test concentrations both with and
wvithout S9 eatabolic activation. Following treatment the cells are rinsed,
fresh F12-DS medium {s added snd the flasks are incubated for an additional
18 to 24 hours. Cytotoxicity is determined by coaparing the relative
vuaber of cells {n control (untreated cells) and {n cells trested with
various concentrations of the test sgent.

If no cytotoxicity is evident at the highest concentratious in the
cytotoxicity tests, the test is aither repested at higher concentrations, or
autation tasting is performed with a greater musber of treatasut flasks starting
at higher dose levels. If aarked toxicity is evident even st the lowest dose,
the gz:oeoﬂciry test {s repeated at s concentration range of 3x10™% go -
3x10° percent by voluae.

Doss levels wvhich are aoderataly toxic but perait survival of at least 40 to
502 of the calls, in coamparison to the solvent control, ars sslected ag the
aaxizus dose, and at least four additional one-half dilutions are tested for
- induction of autations. 1If cycotoxicity data are equivocal, a total of 5 to &
one~half dilutions of the selected, aaxizum concentration are used to treat
cells; but ouly tha highest five concentrations which perait survival of a
sufficient munber of aitotic cells with SCE staining, are avaluated for SCF
induction.

Cheaical sazples are starilized by asabrane filtration when aicrobiological
tasts indicate this is required to assure sterility. Liquid test agents ara
tastad on & parcantage by volume besis. Solid chemicals are dissolved in an

appropriate solvent by saking & 10 to 20% stock soluti o (by weight) and gx;
subsaquant dilutions are made froa this stock on a voluse/volume basis. n%Laﬁ
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Treatament With Teast Chemicals: Testing of cheaicals for direct autagenic
action (without S9 aetabolic activation) is parforamed first. For chemicals with
clearly positive autagenic capabilities by direct action, tasting vith getabolic
activation is generally mot performed.

For testing direct acting cheaicals for SCE fnduction, between 1l to 2 x
106 cells are plated into 75 eam? culturs flasks in F12-DS aediua st laast 20
hrs prior to treataent and incubated at 37°C 1 a 5 to 61 CO; staosphera.
Appropriate concentrations of the test sgeant or coatrol chemicals are added to
the cells and 3 ug/ml BrdU is added to all flasks. Csalls are treated with test
agents for S hrs, aedia is thez ramoved by suction, cells are rinsed with
buffered, physiological salt solution and fresh mediua containing 3 ug/al BrdD
is added for at least 24 hrs of additional incubstion at 37°C to allow two
rounds of cell division. Calls are harvested and chroacosomes are prapared for
SCE staining.

Treataeat of cells for testing of chemicals which require metabelic
activation for autagenic effectiveness is performed sizilarly as for treatments
without activation, except for three aodifications:

1. Bafore treataent with the test sgents, Fl2-DS medium is removed and Fl2
aediunm without sarua is added.

2. 89 metabolic activation aixture is added to each flask (including
solvent and positive controls) before additiom of tast agents.

3. Calls are treated for a total of 2 hrs (rather thaz 5 hrs) and then
incubated for 38 to 42 addizional hours befora harvest for chroaosoae
preparation.

Preparation of Chromosomes: Colceamid® (0.1 ug/ml) or Colehicine (0.2 ug/al)
is added to cuiture flasks L to 2 hrs prior to harvesting to arrest cells in
aitosis. Cells are then removed from flasks, after a brief imecubation with
0.01Z DIFCO trypsin, suspended ia 0.075M KC1 (hypotonic) solution and incubated
£rlS to 20 ain at 37°C. Calls are centrifuged, fixed with 3 or 4 changes of
Carnoy's fixative (3:1 asthanol acetic acid) and chromosome spreads are prepared
from cells suspended in a saall woluse of fixative. One slide/dose level {s
prepared, but fixed calls are saved if naeded for preparation of additional
slides.

Chromosoaes ara stained for SCE's by trestment with 5.0 ug/al of Hoechst
33258 dys for 20 ain, rinsed in distilled vatar, immersed in Sorenson's buffer
and exposed to a high intensity sunlamp for 153 to 30 ain., as required.
Irradiated chromosomes are stained in Gurr's giemsa (diluted 1:235 with water),
rinsed in water and dried before application of coverslips.

Exanination of SCE's: All slides are coded and read in a blind fashion
wvithout indication of the spacific treatment or concantration of the test agent.
Tha nusber of chrososoaes and the mumber of SCE's in a2 ainisum of 15 cells are
recorded for each d se level. The asan nuabar of 3CE/call and SCE/chromosome
are calculated and recorded. §lides ars decodad only ftar exanination of all
slidas in the experizent has basn ccapleted. '

b5t
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Statiscical Annlznes: Data are anslyzed by appropriate paramatric statisti-
cal procedures ollow BRRC standard operating procedures for analyses of

dats. 81;n1£1cnncc values and the statistical test enployud are shown for data
sumnsrized {in tabular form.

Interpratation of Data: The ecriteria for evaluation of a positive or nege-
tive response depend both on the level of statistical significance and subjec~
tive analyses of concurrent and historical control data. The kay determinant is
vhaether a doss-dependent increase in SCE's is induced by the test agent. When
10 clear dose-response relationship is evident and when one or more responses of
sarginal statisticsl significance ars obtained, s careful examinstion of the
dats io comparison to the concurrent controls and historical data bass is neces-
sary. Testing may be repeated to clarify unusual responses, if data for the
concurrent positive or negative controls suggest a defect in the original ex-
periment. Overall assessment will also rely on corroborating data from the
] other tests in the testing battery. Clearly positive responses will include any
| of the following: (1) Doubling in the SCE frequency at a ainimum of two of the
five concentrations tested; (11) Statistically significant responses of p < 0.05
at three concentratious or at 2 concentrations if p < 0.01; (1ii) Induction of a
statistically gpignificant, dose-related increase in the nusbar of SCE.

General Referencas

1. Perry, P. and S. Wolff., Naw gieus; method for ditf.rential staining of
sister chromstids. KNature, 251 (1974), 156+

2. Latt, S. A., J. W. Allen, W. E, Rogers and L. A. Juergens. 1In vitro and in
yivo apalysis of sister chromatid exchange formation. pp 275-291 in

‘Handbook of Mutagenicity Test Procedures, ed. xiibey, B. J., et al.
Elseviar Publ. Co. (1975).
3. Carrano, A. V., L. H. Thompson, P. A. Lindl and J. L. Minkler. Sister

chromatid exchange as an indicator of mutagenesis. Rature, 271, (1),
‘50

4. Gallowzy, S. M. and 8. Wolff. The relation batween chemically induced
sister-chromstid exchanges and chromatid breakage. Mutation Res., 61,
). ig’ .307 .
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APPENDIX II1

Unscheduled DNA Synthesis (UDS) in Hepatocytes from Rat Liver

/
Theoretical Basis

Chenicals may interact with both the cellular components and the genetic
saterial of a cell (e.g. DNA and RNA) because of thair electrophilic nature or
by conversion into reactive alectrophiles by the metabolic enzymes of the call.
Damage to the DNA of a cell can result in call death, autation or, thecreti-
cally, carcinogenic transformation. Studies of agents which are capable of
reacting and damaging the cellular DNA have suggested that such methods may be
useful as a sensitive screening test for detecting po:cntial autagenic/
carcinogenic chemical proparties.

Detection of the relstively small amounts of DNA damage induced by chemical
treatment requires & cellular system in which normal, seai-counservative DNA rep-
lication, which occurs during cell division, is inhibited. The system employed
for the present study uses a suspansion culture of primary hepatocyte cells iso-
lated from rat liver according to tha genaral methods of Seglen (1973) and
Williams (1976). Hepatocytes do not normslly divide in the ainimal culture ge-
dium employed and stimulation of "unscheduled” incorporation of radiosctive DNA
precursors can be detected by scintillation spectrometry. The stimulation of
incorporation of tritiated thymidine into both purified hepatocyte muclei and

. DNA 1s used as the indicator of chemically induced DNA demage. The amount of
unscheduled DNA syathesis (UDS) following trestment is compared with both con-
current positive and negative controls as well as vith historical data for
similar tests.

Mathods

Preparation of Hepatocyte Suspensions: Hilltop-Wistar albino rats are
snesthetized with Metafane(R). The sbdominal cavity is surgically exposed and
1250 units of heparin is injected intravenously. A cathater is {nserted into
the portal vein and warm Hanks Balanced Salt Solution (HBSS) is pumped iato the
vain and through the liver. This first sclution coantains heparia and EGTA,
[ethylens glycol-bia-(beta-azinoethyleether)N,N-tetrscetic acid], which
preferantially chelates calcium; the solution contains no magnesium or calefum.
Aftar the liver is blanched, a second solution of HBSS containing 60 wnits/ml of
collagenass is parfused. This solution is pumped through the liver until the
livar is digested. The liver is then removed and the cells are freed in cold
medium 199 by combing through the lobes with s sterile setal comb. The cell
suspension is passed through two nyloa amsshes to remove cell clumps and the
calls are washed once at low centrifugation speed. After resuspension in medium

‘ 199, equal volumes of calls and 0.4Z trypan blus are sixzed together and the cell
viability snd numbar of viable cells per al is deterzined microscopically.

Preincubaticn of EHepatoeytes: Approxizataly 2 x 106 vigble heapatocytes
are added to 5 ml medium 199 containing 10 mM hydroxyurea and 30 mM Hepes
(N=2=hydroxyethyl piperazine~N-2 sthans sulfoniec acid) buffer. After the cells
are dispensed into the tubes, they are placed on & rocker platfora and are

incubated ¢t 37°C for 1 hour. Although hepatocytes do not normally divide in

culture, medium 199 which lacks serum and contains hydroxyurea is used to o
further block seai-conservative DNA synthesis. Thus, any radioactive thymidine %3u:
incorporated into the nuclei 1s axpected to result f£r a repair r unscheduled :a%é

DNA synthesis.
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Selection of Doses of Test Chemical: Initially, the following concentra=~
tiona X 109X (by volume) are tested: 100, 30, 10, 3, 1, and O.1. If these
concsntrations prove to ba cytotoxic, or if additional information is available
from other in vitro tests as to the proper dose levels, then an appropriate
series of concentrations is used over a 3-log range of councentrations.

Treatment of Hepatocytas: After preimcubation, 25 microCuries of tritiated
thyaidine Curies/a mole) is added to each tuba. The test chemical and
positiva coutrols are diluted {n an appropriate solvent and they are than added
to each labasled tuba. Gensrally, at least six concentrations of the tast
chemical over a 3-log range of concentrations are tasted and each concentration
is um in duplicate. Ths tubes are returned to the rocker platform for a 2-hour
exposure at 37°C.

Positive and Negative Controls: 4-nitroquinoline oxide (NQO), s directe
scting wutagen, wvhich induces Uv-ctype DNA repair and dimethyloitrosamine (DMN),
which requiras matabolic activation by atcrosomal enzymea for sctivity, are rua
ia duplicate as positive control chemicals. The solvent control is rum in
quadruplicate and consists of 100 to 150 microliters (concentration specified in
individusl reports) of the solvent used to diluts the sample. Dimethyl~
sulfoxide (DMSO) or water are the usual solvents for test chemicals.

Harvest: At the end of incubation with the test agent, the calls are
centrifuged from the mediuvm at 200 x g at 5°C. The cells are rinsed once in §
nl of cold medium 199 and are resuspended in 0.252 Triton X-100, 5% citric acid
sand 3 mM MgCls, & lysing solution which liberates the nuclei. The nuclei are
rinsed once in this solution and resuspended in 0.25 M sucrose, 2.5% citric acid
and 3 aM MgCl;. The nuclei are then centrifuged at 600 x g for 10 mia at 5°C
and resuspended in 2 axl of the lysing solution.

Daternination of Nuclesr~Bound Label: To measure the smount of radiocactive
thyaidins incorporated into the nuclei, 0.25 al of the nuclear suspeusion is
mized with 1.0 mg of NCS tissue solubilizer in s scintillation vial. Ten al of
Dimilume® scintillation cocktail is added and the radicactive disintesgrations
per mimite (DPM) are detarmined by counting twice in s sciatillation counter for
ten minutes. The measured DPN are then used to calculate the DPM/106 viable
hepatocytes presented on tables.

Daternination of DNA-Bound Label: The amount of radicactive thymidine in~
corporatad into DNA is quantitated iz DNA isolated and precipitated frem 1.00 to
1.25 = 105 vigdle hepatocytes. To 1.25 al of the nuclear suspension, 2.75 ml
of 1T sodium dodecyl sulfate (SDS) and $ nM Ethylenadiaminetetraacatic Acid
(PDTA) is added to lyse the puclei. The DNA is precipitated from this solution
with 4 al of fce-cold 10X trichloroacetic acid (TCA) and the saaple tubes are
incubated at 0°C for at least 30 minutes. The solution is then poured onto
Watman glass fiber filters under vacuum and the tubas and filters are washed
twice with cold 35X TCA. 7Fivally, sach filter is rinsed once with methanocl,
dried and placed in a scintillation vial. The filters are incubated at 50°C for
1 bour with 1 al of & diluted solution of NCS tissus solubilizer; prepared dy
adding 1 part solubilizer to 2 parts of Dimilume® cocktail. Diailume® is then
added to each vial and the viala are counted twice in a scintillation counter
for ten minutes.

087630
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= Statistical Anslysis: The sverage DPM is calculated for each dose level
and the controls and final results are expressed as DPM/106 viable
hepatocytes. Data are also expressed as a percent of the solvent control for
purposes of comparison. The original data are statistically analyzed by the
appropriata paraseatric test, following the BRRC standard procedures for
statistical analyses and the test(s) employsd is indicated on the respective
tables. Comparison betwaen the mesn for sach dose level with the 95X confidence
linits of the historical solvent control may also be used in soce casas to
assess the potential biological significance of the dats. . Testing amay be
repeated to clarify unusual responses, if data with the concurrent controls
suggest a defect in the original experiment.

Interpretation of Results: The classification of s chemical as a positive,
active agent depends upon the production of a statistically significant,
dosa-related increase in the amount of UDS sctivity. If a definite
dose-response relationship is not evideat, or vhen a few increases with marginal
statistical significance are obtained, comparison of the responses to historical
control data provides s meaningful assessment of the possibility for random
variations vhich may be statistically significant only in ralation to the
concurrent control. A kay determinant of the reliability of the UDS data is the
detection of a similar rasponse with both DNA and isclated nuclel determined at
two or three coansecutive concentrations.
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APPENDIX IV

Physical and Chemical Characteristics of the Test Sample

CHY No.: 42-136
CAS No.: 2386-87-0
2 Chenmical Name: 3, 4~Epoxycyelohexylmethyl~3, 4
Epoxyeyelohexylearboxylate

Trade Name and/or Synonyus: BAKELITE® Cycloaliphatic resin
IRL=-4221 (previously EP-221)

Molecular Weight: 252.30

Foraula: C14H2004

»
Molecular i
al Structure: -0 - CHy
al 0
th Specific Cravicy (@ 20°C): 1.1725%
t Boiling Point: 354°C (669.2°F)

Solubility in H0 (X by wt): 0.03 (at 25°C)

Purity: Not available; commercial sample
tested

Vapor Pressure (& 20°C): < 0.01 om Hg

pH: Not available

Plash Point: 245°F Closed cup

, Stabilicy: Stable, avoid heating over 100°F
' Incompatibilicy: Avoid acids, aminas, stroung bases

Appearances and Odor: low viscosity liquid; characteristic
odor

Disposal: Dilute with inert solvent and
{inecinerate. Small spills may be
flushed with water; larger spills
sbsorbed and burned

Protective Measures: Use goggles, plastic gloves and
exhaust ventilation.

Health Hagzard: Avoid skin and eye contact. No
effects of oversxposurs are
currently lmown.
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